Polyadenylylated RNA, extracted from differentiating primary cultures of rat muscle and the myogenic cell line L8, directs the synthesis of polypeptides in the wheat germ cell-free system which comigrate with myosin light chains under several electrophoretic conditions. The peptides also associate specifically with heavy myosin subunits during dissociation-reassociation treatment. Intact cells of primary skeletal muscle cultures and of the myogenic line synthesize predominantly two light chains. RNA extracted from primary muscle cultures directs the synthesis of a third plypeptide in the celfree system, similar to the third light chain found in myosin extracted from adult rat thigh muscle. Products of cell-free systems directed by RNA extracted from fibroblasts, reticulocytes, and myeloma cells did not contain detectable amounts of similar polypeptides. Rat skeletal myoblasts can be grown in cell culture and their transition from proliferation to terminal differentiation can be controlled by the composition of the nutritional medium. The fusion of the cells into multinucleated fibers is followed by a large increase in the rate of synthesis of several muscle proteins and a manyfold increase in activity of enzymes (1, 2).
primary rat skeletal muscle and by RNA Cell Cultures of Rat Primary Skeletal Muscle. Cell cultures were prepared and grown as described previously (6) . Cultures were grown first in fetal calf serum-embryo extract-enriched medium (FE medium) which promotes cell proliferation without cell fusion. About 40 hr after plating of the cells, the medium was changed to the fusion-permissive S medium. A phase of very intensive cell fusion started about 18 hr after the change to S medium (6) .
Myogenic cell line L8 was established in this laboratory from cloned myoblasts isolated during serial passage of primary Wistar rat skeletal muscle cells and grown as described (6) .
Fibroblast cultures were prepared from the trunks of rat embryos (15 days or less). The cells were passaged after reaching confluency and tertiary plates were used for extraction of RNA. All cultures were grown in 100 mm Falcon tissue culture plates.
Preparation of Messenger RNA. Total cytoplasmic polyadenylylated RNA was isolated from 15 to 30 cultures by a modification of the method described by Singer and Penman (7) . TNM buffer (0.01 M Tris-HCI at pH 7.4,0.25 M NaCl, 0.01 M MgCI2), was used for rinsing the cultures and TNM buffer containing 1% Nonidet P-40 was used for the lysis of the cells.
Translation of RNA in Cell-Free System from Wheat Germ. Preincubated extracts were prepared, and protein synthesis assays were carried out, as described by Roberts and Paterson (8) , except that no tRNA was added and KCI in the reaction mixture was replaced by potassium acetate. [-5S] Methionine (25-30 ,Ci) was added to a 100 ,gi reaction mixture.
Polyadenylylated RNA was added to a final concentration of 50 ,g/ml. The reaction mixture was incubated for 90 min at 220.
Isolation of Myosin and Its Subunits. Myosin was purified from the hind legs of adult rats and from muscle cultures (primary and L8), according to Naus et al. (9) , except that the high-speed centrifugation to remove the actin was performed in the presence of 10 Electrophoresis. Cell-free products, preparations of myosin, and myosin light chains were analyzed on NaDodSO4/polyacrylamide gels as described by Laemmli (11) , by using a 10-20% polyacrylamide gradient slab gel prepared according to Maizel (12) . Two-Dimensional Gel Electrophoresis. Isoelectric focusing in the first dimension, and NaDodSO4 electrophoresis in the second dimension, were performed according to O'Farrell (13) , except that the ampholines used were of pH range 3.5-10.
Gels were stained and fixed with 50% methanol/7.5% acetic acid (vol/vol) and 0..1% Coomassie brilliant blue, and destained with 5% methanol/7.5% acetic acid (vol/vol).
Measurement of Radioactivity of Specific CFS Products. Dried gels were exposed to an x-ray film for a period of time sufficient to give film blackening proportional to radioactivity. The radioautograph was scanned in a Gilford spectrophotometer at 500 nm, and the intensity of specific peaks was measured by the weight of the paper in the recorded peak.
Dissociation and Reassociation of Myosin Subunits. Dissociation and reassociation of myosin extracted from cultures into its heavy and light chains was done by LiCl treatment, according to Gershman and Dreizen (14) and Low et al. (15) . In the present study, the cell-free reaction mixture was centrifuged at 100,000 X g for 2 hr at 40. The supernatant was brought to 0.5 M KCl with solid KC1. Aliquots (200 p1) of the supernatant were mixed with 3 mg fresh myosin from primary muscle culture (the final concentration of myosin was 5 mg/ml, and the final volume of the mixture was 600 p1). The mixture was divided into two parts. One-half was mixed with equivalent volume of 2 mM dithiothreitol in 8.0 M LiCi at 00. The second half was mixed with equivalent volume of 2 mM dithiothreitol in H20 at 00. The mixtures were immediately subjected to di- . The x-ray film was exposed to the dried gel for 48 h, alysis against KET buffer (0.5 M KCl, 1 mM EDTA, 10 mM Tris at pH 7.4) as described by Low Fig. 2 . The peptides range in size from 10,000 to 100,000 daltons (heavier peptides are not produced in this CFS).
The products formed by CFS to which mRNA from the myogenic line L8 culture was added contain two bands which comigrate with two myosin light chain markers of 23,000 and 17,000 molecular weight. The two bands are designated here by LC1 and LC2, respectively (Fig. 2) . These two bands are very distinct among products of RNA extracted from differentiated L8 culture when compared to products of RNA extracted from L8 culture harvested at the early stages of differentiation (proliferating cells). These two bands comigrate with the light chain markers both in two-dimensional gel (isoelectric focusing followed by NaDodSO4 gel electrophoresis) (Fig. 3) (15, 17) . To test the ability of the CFS products to associate with myosin heavy chain, we mixed radioactive products of CFS with unlabeled myosin extracted from primary cultures, and subjected them to conditions which favor dissociation and then reassociation of the myosin subunits, as described in Materials and Methods. Myosin was then extracted, purified, and assayed on NaDodSO4 gels. Radioautography of the gels was performed. The radioautograph of such myosin contained very few bands. Three of these bands comigrated with the light chain markers, and one with actin. The light chain bands were much darker in the radioautograph of myosin subjected to dissociation and reassociation treatment whereas the other bands were unaffected (Fig. 4) . Densitometric measurement of the intensity of the bands showed that myosin dissociated and reassociated in the presence of CFS products, directed by mRNA from differentiated cultures, contained eight to nine times more radioactive light chains than myosin added to the CFS products and purified without dissociationreassociation treatment (Table 1) . No radioactive light chains were found in myosin dissociated and reassociated in the presence of products of CFS directed by RNA obtained from myeloma cells, reticulocytes, or fibroblasts ( Fig. 4c and c' ). * DISCUSSION The data show that polyadenylylated RNA extracted from differentiating muscle cell cultures directs the synthesis of peptides which haveelectrophoretic mobilities, in NaDodSO4/ acrylamide gels, identical to the light chains of myosin extracted from such cultures. These peptides also comigrate with the light chains in 8 M urea gels and in two-dimensional gel electrophoresis (isoelectric focusing and NaDodSO4). No detectable amounts of such peptides were found in the products of CFS directed by RNA extracted from fibroblasts, reticulocytes, or myeloma cells. CFS products which comigrate with the light chain markers become associated specifically with the myosin carrier during treatment which causes dissociation and reassociation of the light and heavy myosin subunits. It is therefore strongly suggested that, in the CFS, RNA directs the synthesis of the complete, functional light subunits of myosin.
* Preparations of RNA from L8 and primary muscle cultures were also translated in mouse Krebs II ascites CFS (20) . The Effect of dissociation and reassociation of myosin subunits on the association of labeled CFS products with myosin. Radioactive products of CFS directed by RNA extracted from cultures of (a) differentiated L8 cells, (b) differentiated primary muscle cells and (c) fibroblasts were mixed with carrier myosin. Each mixture was divided into two parts. One part was subjected to treatment with 4 M-LiCl which dissociates myosin into its subunits (a', b', c'). The other part was left untreated (a, b"). After reassociation, myosin was purified from each mixture, electrophoresed on NaDodSO4 gel, and radioautography of the gels was made. To measure the amount of radioactivity that became associated with the carrier, the intensity of the band which comigrated with the actin and the three light chain markers was measured as described in Materials and Methods and expressed in Table 1 in arbitrary units. Amount of radioactivity applied to the gels was (a) 293,736; (a') 27,943; (a") 17 Equal amounts of the reisolated myosin were applied to (a'), (a'), (b'), (b") and (c'). The x-ray film was exposed to the dried gel for 10 days. amounts of myosin. However, no peptide which comigrates; with the third light chain of the muscle myosin could be found in this myosin (unpublished 
